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(57) ABSTRACT

The 1nside of a case of a rotary table device 1s divided 1nto a
first space and a second space. The pressure of the first space
1s regulated to a pressure higher than the pressure of the
second space during a steady state. The relationship between
the pressures 1s reversed at a certain timing, to make the
pressure of the second space higher than the pressure of the
first space. Such operation can forcibly close a check valve
disposed between the first space and the second space on
regular basis, thereby preventing a malfunction of the check
valve.
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1
ROTARY TABLE DEVICE

RELATED APPLICATIONS

The present application claims priority to Japanese Appli-
cation Number 2013-096238, filed May 1, 2013, the disclo-
sure of which 1s hereby incorporated by reference herein 1n 1ts
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a rotary table device
capable of preventing a malfunction of a check valve used
therein and preventing penetration of cutting fluid and the like
from the outside to the inside of a case.

2. Description of the Related Art

There has been conventionally used a rotary table device
shown in FIG. 8, which executes NC control to rotate or
divide a workpiece installed on a machining table 3 of a
machine tool 1 performing cutting, grinding, electrical dis-
charge machining and the like. This type of device has arotary
table 2 provided with a case equipped with a servomotor, an
operation validation switch, an electromagnetic valve, and
other electric components, wherein cutting work, grinding
work, electric discharge machining and the like are executed
on a workpiece attached to the rotary table 2 while spraying/
dipping the workpiece with/in cutting fluid, grinding fluid,
dielectric working fluid and the like.

Cutting fluid, grinding fluid, and dielectric working fluid
may be oil-based or water-soluble. Especially water-soluble
fluid 1s usually sprayed in large amount when cutting a work-
piece, 1n order to remove chips of the workpiece. Moreover,
water-soluble cutting fluid, grinding fluid, and dielectric
machining fluid are not only higher 1n permeability than the
oil-based ones, but also likely to cause swelling and harden-
ing of the synthetic resin materials used for covering seal
packing and cables, deteriorating the resin materials.

Theretfore, in the case where a synthetic resin material 1s
used as a sealing member 1n the rotary table 2 of the machine
tool 1, the synthetic resin could deteriorate as time passes, and
causes the cutting fluid and the like to penetrate 1nto the case
in spite of the airtightness of the case 1n the beginning. Con-
sequently, the moisture stick to and causes rust on the electric
components such as the servomotor, the operation validation
switch, and the electromagnetic valve equipped 1n the case,
impairing the insulation properties of the electric components
and eventually causing electrical hazards.

Japanese Patent Application Laid-Open No. 11-267939
discloses a rotary table device as the means to solve these
problems, 1n which 1s provided a check valve that 1s config-
ured to discharge air only in one direction from the mnside of
a case ol arotary table to the atmosphere by supplying air into
the case and discharging air to the outside of the case when the
pressure within the case becomes equal to or greater than a
predetermined pressure which 1s higher than an atmospheric
pressure, 1 order to keep the pressure within the case higher
than the atmospheric pressure so that cutting fluid and the like
does not penetrate into the case. FIGS. 9 and 10 are each a
general view of this rotary table device. Air 1s supplied from
an air supply source 61 connected to an air supply port 31 into
a case 55 through an air supply path 57, and the air within the
case 35 1s discharged to the atmosphere through an air dis-
charge path 59 and a check valve 53.

The technology disclosed 1n this Japanese Patent Applica-
tion Laid-Open No. 11-267939 constantly keeps the pressure
of the case 35 at a pressure higher than the atmospheric
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pressure. Such a configuration allows the air to constantly
flow 1n one direction from the inside of the case 35 to the
outside through the check valve 33. As aresult of this air tlow
1n one direction, the check valve 53 assumes a state 1n which
the valve thereol 1s opened for the long time, whereby the
O-ring and the like on the check valve 53 becomes fixedly
attached to a sliding portion, making 1t difficult for the check
valve 53 to return even when the pressure 1nside the case 55
drops.

When the air inside the case 55 1s leaked to the outside or
when the air 1s no longer supplied to the case 55 due to
deterioration of a sealing member of the case on account of
the cutting fluid and the like, the pressure inside the case 335
cannot be kept at a pressure higher than the atmospheric
pressure, causing penetration of the cutting fluid and the like
from the check valve 53 into the case.

SUMMARY OF THE INVENTION

An object of the present mnvention, therefore, 1s to provide
a rotary table device capable of preventing a malfunction of a
check valve used therein and preventing penetration of cut-
ting fluid and the like from the outside to the inside of a case.

The rotary table device according to the present invention
has a case, a motor stored 1n the case, a table fixed to one end
of an output shaft of the motor, a discharge port discharging
air from the inside of the case to the outside, and a pressure
regulating unit. The case are provided with first and second
spaces partitioned with a partitioming member, a first air sup-
ply path supplying air to the first space, a second air supply
path supplying air to the second space, and a check valve
provided 1n the partitioning member. The discharge port dis-
charges the air from the second space to the outside of the
case. The pressure regulating unit 1s configured to constantly
regulate a pressure of the first space and a pressure of the
second space to a pressure higher than an outside pressure,
and regulate the pressure of the first space to a pressure higher
than the pressure of the second space during a steady state, but
regulate the pressure of the second space to a pressure higher
than the pressure of the first space at a certain timing.

The rotary table device may further have a single air supply
source for supplying air to the first space and the second
space, wherein the first air supply path may be provided with
a regulating valve for lowering the pressure of the first space
with respect to an air supply pressure of the air supply source.

The rotary table device may further have a single air supply
source for supplying air to the first space and the second
space, wherein the first air supply path may be provided with
a first regulating valve for lowering the pressure of the first
space with respect to an air supply pressure of the air supply
source, and the second air supply path may be provided with
a second regulating valve for lowering the pressure of the
second space with respect to the air supply pressure of the air
supply source.

The rotary table device may further have a first air supply
source for supplying air to the first space and a second air
supply source for supplying air to the second space, wherein
the pressure regulating unit may be configured to control the
pressure of the first space and the pressure of the second
space.

The rotary table device may further have a clamping
mechanism that 1s operated by supply of air to clamp the
table, wherein air may be supplied to the clamping mecha-
nism through the second air supply path. Moreover, the sec-
ond a1r supply path may be provided with an electromagnetic




US 9,227,284 B2

3

valve which supplies air to the clamping mechanism, so as to
regulate the pressure of the first space and the pressure of the
second space.

The present invention can provide a rotary table device
capable of preventing a malfunction of a check valve used
therein and preventing penetration of cutting fluid and the like
from the outside to the inside of a case.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and features of the present
invention will become apparent from the following descrip-
tion of the embodiments with reference to the accompanying,
drawings.

FIG. 1 1s a general view of a first embodiment of a rotary
table device according to the present invention;

FIG. 2 1s a schematic diagram for explaining a flow of air
from an air supply source obtained during a steady state of the
rotary table device shown 1n FIG. 1;

FIG. 3 1s a schematic diagram for explaining a flow of air
from the air supply source obtained during a state in which a
check valve of the rotary table device shown 1 FIG. 1 1s
torcibly closed;

FI1G. 4 1s a schematic diagram for explaining a tlow of air
from the air supply source obtained during a steady state of a
second embodiment of the rotary table device according to
the present invention;

FIG. 5 1s a schematic diagram for explaining a flow of air
from the air supply source obtained during a steady state of a
third embodiment of the rotary table device according to the
present invention;

FIG. 6 1s a schematic diagram for explaining a flow of air
from the air supply source obtained during a steady state of a
tourth embodiment of the rotary table device according to the
present invention;

FIG. 7 1s a schematic diagram for explaining a flow of air
from the air supply source obtained during a steady state of a
fifth embodiment of the rotary table device according to the
present invention;

FIG. 8 1s a general view of a machine tool that includes a
conventional rotary table device;

FIG. 9 1s a general view of the conventional rotary table
device; and

FIG. 10 1s a schematic diagram of the conventional rotary
table device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First of all, the first embodiment of the rotary table device
according to the present invention i1s described with reference
to FIGS. 1 to 3.

FIG. 1 shows a general view of the embodiment. A motor
101 that comprises an output shait 102 1s located inside a case
10.

As shown 1n FIG. 2, the inside of a case 10 1s divided into
a first room 11 and a second room 12 by a partitioning mem-
ber 14. The partitioning member 14 1s provided with an inter-
room air supply path 20. The inter-room air supply path 20 1s
provided with a check valve 28.

An air supply source 34 is connected to an air supply port
13 of the case 10 so that air 1s supplied from the air supply
source 34 1nto the case through the air supply port 13. The air
supplied through the air supply port 13 1s then supplied to a
first air supply path 16 and then to the first room 11 through a
first regulating valve 24. An air branch point 30 1s provided in
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4

the middle of the first air supply path 16, in which a second air
supply path 18 branches oil from the air branch point 30.

As will be described below, the air branch point 30 1s
configured to be able to open/close a flow path extending to
the second air supply path 18. When the flow path extending
to the second air supply path 18 1s opened, the air supplied to
the first air supply path 16 1s supplied to the second room 12
as well through the second air supply path 18.

The air 1nside the second room 12 can be discharged to the
outside through an air discharge path 22. This air discharge
path 22 1s provided with a discharge regulating valve 26 for
regulating discharge of the air to the outside. The outside of
the case 10 1s provided with control unit 32. This control unit
32 not only regulates the first regulating valve 24 but also
controls opening/closing of the flow path extending to the
second air supply path 18 at the air branch point 30.

The operations of the rotary table device according to the
present embodiment are described next.

FI1G. 2 1s a diagram for explaining a flow of air from the air
supply source obtained during a steady state of the rotary
table device.

Air1s supplied from the air supply source 34 through the air
supply port 13 and the first air supply path 16. The first
regulating valve 24 lowers the pressure of the air supplied
from the air supply source 34, to regulate the pressure mnside
the first room 11 to an appropriate level higher than the
atmospheric pressure.

In this normal state, the control unit 32 closes the flow path
extending from the first air supply path 16 to the second air
supply path 18 at the air branch point 30; thus, the air from the
air supply source 34 1s not supplied to the second air supply
path 18. When the pressure within the first room 11 reaches a
predetermined pressure, the air 1s supplied to the second room
12 through the check valve 28 and the inter-room air supply
path 20 provided 1n the partitioning member 14 between the
first room 11 and the second room 12. The second room 12 1s
provided with the air discharge path 22 for discharging the air
to the outside and the discharge regulating valve 26, so that
the air supplied to the second room 12 can be discharged to the
outside through the air discharge path 22 and the discharge
regulating valve 26. Specifically, the relationship among the
pressures 1s as follows.

Pressure of the first room>pressure of the second
room>pressure outside the case 10 (atmospheric pressure)

FIG. 3 shows a state in which the check valve 28 1s forcibly
closed, with the relationship between the pressure of the first
room 11 and the pressure of the second room 12 reversed.

The relationship between the pressure of the first room 11
and the pressure of the second room 12 1s reversed every
certain time period from the state shown 1n FIG. 2 to the state
shown 1n FIG. 3. More specifically, the control unit 32 1s
caused to open the flow path extending from the first air
supply path 16 to the second air supply path 18 to supply the
air from the air supply source 34 to the second air supply path
18. This makes the pressure of the second room 12 higher than
that of the first room 11 while keeping the pressure of the first
room 11 and the pressure of the second room 12 at a pressure
higher than the atmospheric pressure. In other words, the
tollowing relationship 1s obtained.

Pressure of the second room>pressure of the first
room>pressure outside the case 10 (atmospheric pressure)

Normally, because the pressure of the first room 11
becomes higher than the pressure of the second room 12 by
establishing the pressure relationship shown in FIG. 2, the air
can be constantly supplied from the first room 11 to the
second room 12 via the check valve 28, preventing penetra-
tion of cutting fluid and the like from the outside into the case
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10. In this case, the check valve 28 can forcibly be closed by
establishing the relationship between the pressure of the first
room 11 and the pressure of the second room 12 shown in
FIG. 3 every certain time period. Such a configuration can
prevent the O-ring of the check valve 28 from fixedly attached
to the sliding surface, resolving the causes of a malfunction of
the check valve 28.

In the present embodiment 1n which the tlow path extend-
ing from the first air supply path 16 to the second air supply
path 18 at the air branch point 30 1s opened or closed, this flow
path does not always have to be closed completely, and,
therefore, the pressure within the second room 12 can be
regulated by narrowing the tlow path or using other methods.
In addition, the relationship between the pressure nside the
first room 11 and the pressure 1nside the second room 12 can
be regulated simply by controlling the first regulating valve
24 without regulating the flow path extending from the first air
supply path 16 to the second air supply path 18 at the air
branch point 30.

Next, the second embodiment of the rotary table device
according to the present invention 1s described with reference
to FIG. 4.

The difference between the second embodiment and the
first embodiment 1s that the second air supply path 18 1is
provided with a second regulating valve 25. As with the first
regulating valve 24, the second regulating valve 25 functions
to lower the pressure of the air supplied from the air supply
source 34 and 1s capable of changing the rate of pressure
decline by means of the control unit 32 connected to the first
regulating valve 24 and the second regulating valve 25.

In this embodiment as well, regulation by the control unit
32 can normally make the pressure of the first room 11 higher
than the pressure of the second room 12, and reverse the
relationship between the pressure of the first room 11 and the
pressure of the second room 12 every certain time period, to
make the pressure of the second room 12 higher than the
pressure of the first room 11. Such a configuration can not
only prevent penetration of the cutting tluid and the like into
the case 10, but also reverse the relationship between the
pressures every certain time period to forcibly close the check
valve 28.

The third embodiment of the rotary table device according,
to the present invention 1s described next with reference to
FIG. 5.

The differences between the third embodiment and the
second embodiment are that an air supply source (first air
supply source 36) 1s connected to the air supply port 13
connected to the first air supply path 16, and that an air supply
source (second air supply source 38) i1s connected to an air
supply port (second air supply port 15) connected to the
second air supply path 18.

The pressure within the first room 11 and the pressure
within the second room 12 are regulated by means of the first
regulating valve 24 and the second regulating valve 25 as with
the second embodiment but can also be regulated by regulat-
ing the outputs of the first air supply source 36 and the second
air supply source 38, or the regulation can be also 1imple-
mented by regulating both the first and second regulating
valves as well as outputs of the air supply sources simulta-
neously.

The fourth embodiment of the rotary table device accord-
ing to the present invention 1s described next with reference to
FIG. 6.

The difference between the fourth embodiment and the
first embodiment 1s that the second air supply path 18 1is
provided with a rotary table clamping mechanism 40. In this
embodiment, air 1s drawn when clamping the rotary table and
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6

1s discharged when unclamping the rotary table. In so doing,
the air to be discharged at the time of unclamping is used to
supply air into the second room 12 to regulate the relationship
between the pressure of the first room 11 and the pressure of
the second room 12, and the check valve 28 1s forcibly oper-
ated when the pressure within the second room 12 becomes
higher than the pressure within the first room 11.

The fifth embodiment of the rotary table device according
to the present invention 1s described next with reference to
FIG. 7.

The difference between the fifth embodiment and the
fourth embodiment 1s that a discharge port of the second air
supply path 18 (inside the second room 12) 1s provided with
an electromagnetic valve 42. In this embodiment, operating
the electromagnetic valve 42 can switch between the clamp-
ing state and the unclamping state of the clamping mecha-
nism 40.

In this embodiment as well, by switching between the
clamping state and the unclamping state of the clamping
mechanism 40 by the operation of the electromagnetic valve
42, the air to be discharged at the time of unclamping can be
used to supply air into the second room 12, to regulate the
relationship between the pressure of the first room 11 and the
pressure of the second room 12, and the check valve 28 1s
torcibly operated when the pressure within the second room
12 becomes higher than the pressure within the first room 11,
as with the fourth embodiment.

In the fourth embodiment, the relationship between the
pressure of the first room 11 and the pressure of the second
room 12 1s regulated by switching between the clamping state
and the unclamping state of the clamping mechanism 40 by
the operation of the electromagnetic valve 42. However, only
the electromagnetic valve 42 may be provided without the
clamping mechanism 40, and supply of air into the second
room 12 can be controlled by operating the electromagnetic
valve 42, to regulate the relationship between the pressure of
the first room 11 and the pressure of the second room 12.

The first to fifth embodiments described above use a regu-
lar check valve as the check valve 28, but a relief pressure
valve may be used instead.

What 1s claimed 1s:

1. A rotary table device, comprising:

a case;

a motor stored 1n the case;

a table fixed to one end of an output shaft of the motor;

a discharge port discharging air from the inside of the case
to the outside; and

a pressure regulating unit, wherein

the case has:

first and second spaces partitioned with a partitioning
member:;

a first air supply path supplying air to the first space;

a second air supply path supplying air to the second space;
and

a check valve provided in the partitioning member, and
wherein

the discharge port discharges the air from the second space
to the outside of the case, and

the pressure regulating unit constantly regulates a pressure
of the first space and a pressure of the second space to a
pressure higher than an outside pressure, and regulates
the pressure of the first space to a pressure higher than
the pressure of the second space during a steady state,
but regulates the pressure of the second space to a pres-
sure higher than the pressure of the first space at a certain
timing.
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2. The rotary table device according to claim 1, further
comprising a single air supply source for supplying the air to
the first space and the second space,

wherein the first air supply path 1s provided with a regulat-

ing valve for lowering the pressure of the first space with
respect to an air supply pressure of the air supply source.

3. The rotary table device according to claim 1, further
comprising a single air supply source for supplying the air to
the first space and the second space,

wherein the first air supply path 1s provided with a first

regulating valve for lowering the pressure of the first
space with respect to an air supply pressure of the air
supply source, and the second air supply path 1s provided
with a second regulating valve for lowering the pressure
of the second space with respect to the air supply pres-
sure of the air supply source.

4. The rotary table device according to claim 1, further
comprising;

10

15

8

a first air supply source for supplying the air to the first

space; and

a second air supply source for supplying the air to the

second space,

wherein the pressure regulating unit controls the pressure

of the first space and the pressure of the second space.

5. The rotary table device according to claim 1, further
comprising a clamping mechanism that 1s operated by a sup-
ply of air to clamp the table,

wherein the air i1s supplied to the clamping mechanism

through the second air supply path.

6. Therotary table device according to claim 5, wherein the
second air supply path 1s provided with an electromagnetic
valve, and

the air 1s supplied to the clamping mechanism by the elec-

tromagnetic valve so as to regulate the pressure of the
first space and the pressure of the second space.

Gx s * o e
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